Abstract Two Malaysian infectious bronchitis virus isolates, MH5365/95 and V9/04 were characterized based on sequence and phylogenetic analyses of S1, S2, M, and N genes. Nucleotide sequence alignments revealed many point mutations, short deletions, and insertions in S1 region of both IBV isolates. Phylogenetic analysis of S1 gene and sequences analysis of M gene indicated that MH5365/95 and V9/04 belong to non-Massachusetts strain. However, both isolates share only 77% identity. Analysis based on S1 gene showed that MH5365/95 shared more than 87% identity to several Chinese strains. Meanwhile, V9/04 showed only 67-77% identity to all the previously studied IBV strains included in this study suggesting it is a variant of IBV isolate that is unique to Malaysia. Phylogenetic analysis suggests, although both isolates were isolated 10 years apart from different states in Malaysia, they shared a common origin. Analysis based on S2 and N genes indicated that both strains are highly related to each other, and there are fewer mutations which occurred in the respective genes.
Introduction
Infectious bronchitis virus (IBV) belongs to the prototype species of the Coronaviradae family. Numerous IBV serotypes, which create major problems in the poultry industry, have been identified. Natural outbreaks of IBV are often the result of infections with strains that differ serologically from the vaccine strains [1] . Comparisons of nucleotide sequences of IBV isolates from different parts of the world indicate that strains from a particular geographic are more closely related to each other than to strains from other distant regions [2] .
IBV genome consists of a single-stranded positive sense RNA of 27.6 kb in length [3] . The first 20 kb encode the viral RNA-dependent RNA polymerase and proteases. The remainder of the genome encodes five structural proteins, the spike (S) glycoprotein that is divided into S1 and S2 protein, small membrane (E) protein, an integral membrane (M), phosphorylated nucleocapsid (N) protein, small nonstructural proteins, gene 3 and gene 5, and a 3 0 untranslated region (UTR) [1, 4] . It is known that the S1 subunit carries serotype-specific sequences and antigenic epitopes inducing virus neutralizing antibody. The different serotypes, subtypes or variant of IBV, were thought to be generated by nucleotide point mutations, insertions, deletions, or recombination of S1 genes, which were responsible for the outbreaks of IB in vaccinated chicken flocks [5] . Nucleotide sequencing of the S1 glycoprotein is commonly used to determine serotype differences among IBV strains [6] . Furthermore, the presence of deletions within the 3 0 end of gene 3 and the 5 0 end of M gene can be used to classify and differentiate Mass and non-Mass strains of IBV [7] . Meanwhile, Zwaagstra et al. [8] reported that the N gene is highly conserved among different IBV isolates. Nevertheless, analysis based on S1 and N gene sequences may provide valuable information on the evolutionary of IBV [9] [10] [11] . Hence, this study focus on the molecular characterization and phylogenetic analysis of the structural (S1, S2, M, and N) genes of two Malaysian IBV isolates, MH5365/95 and V9/04. Viral RNA extraction Viral RNA extraction was carried out using Trizol Reagent Ò (Invitrogen, USA) according to the methods recommended by the manufacturer. The purity of the extracted RNA was determined by taking the ratio of the readings at 260 and 280 nm.
Materials and methods

Viruses
Primer design for PCR amplification
Both previously published primers as well as newly designed primers were used to amplify the full length of the different structural genes ( Table 1 ). The first strand cDNA was synthesized in 25 ll mixture containing 19 AMV RT reaction buffer (Promega, USA), 0.8 mM of dNTP, 0.8 U recombinant RNasin ribonuclease inhibitor, 4 mM MgCl 2 , 2 mM of each forward primer and reverse primer, 0.2 U AMV reverse transcriptase enzyme, and 5 ll of RNA template (200-300 ng), and the final volume was adjusted by adding nuclease-free water. The mixture was incubated at 46°C for 45 min followed by AMV inactivation at 95°C for 3 min using Peltier Thermal Cycler, PTC-200 (MJ Research, USA). Amplification of specific IBV gene was performed using 10 ll of cDNA of the reverse transcription mixture in a final volume of 50 ll containing 19 PCR buffer, 0.4 mM for each dNTP, 3.5 mM MgCl 2 , 0.2 U of Taq Polymerase (Promega, USA), and 1.0 mM of each primer, and nuclease-free water. The mixture was subsequently subjected to 35 amplification cycles of denaturing at 94°C for 1 min, primer annealing at 54°C for 2 min, and extension at 72°C for 3 min. The final extension was at 72°C for 7 min, and the temperature was maintained at 4°C.
Cloning of the RT-PCR product
The PCR products were separated by agarose gel electrophoresis and purified using QIAquick Ò PCR Purification Kit (Qiagen, Germany) as per the protocols suggested by the manufacturer. Ligation of the purified PCR product to a cloning vector was performed using the TOPO TA Ò vector cloning kit (Invitrogen, USA) as per the protocols suggested by the manufacturer. Transformation of the desired gene into TOP 10 competent E. coli (Invitrogen, USA) was performed using chemical transformation procedure.
Sequence and phylogenetic analysis
Plasmid extraction was performed using GENE ALL TM Plasmid SV (General Biosystem, Korea). Purified plasmids containing the cloned S1, S2, M, and N genes were sent for sequencing (FirstBase, Malaysia). For each gene, at least 
two different clones were selected randomly and sequenced twice from both directions. The sequences were aligned with published IBV sequences available in the GenBank (Table 2 ) using Bioedit (version 7.0.0). Phylogenetic trees were constructed using Tree Top-Phylogenetic Tree Prediction available at http://www.genebee.msu.su using the nucleotide sequences of the structural genes of MH5365/ 95, V9/04, and published IBV strains from GenBank ( Table 2 ). The phylogenetic trees were displayed in PHYLIP format including bootstrap values. Distances estimation was calculated using program TREECON for Windows Version 1.3b.
Results and discussion
The optimized RT-PCR has successfully amplified the targeted IBV genes based on the detection of band of the expected sizes. Figure 1 shows the detection of specific DNA bands of *1.7 kb, *1.8 kb, *0.8 kb, and *1.5 kb representing the complete sequences of S1, S2, M, and N genes, respectively. The nucleotide sequences covering 1612 bp of MH5365/95 and 1594 bp of V9/04 that include the start codon (ATG) to the cleavage site of S1 and S2 gene were characterized and compared with previously characterized IBV (data not shown). The identified nucleotide sequences encode for 537 and 531 deduced amino acid residues for MH5365/95 and V9/04, respectively. Based on the nucleotide sequences comparison, there were no significant patterns of sequence variations which can differentiate between Massachusetts (Mass) and nonMassachusetts (non-Mass) IBV strains. Nucleotide sequence alignments revealed many point mutations, short deletions and insertions in S1 region. At least three regions within the S1 gene from positions 157-262, 373-430, and 889-938, which are associated with numerous nucleotide variations were detected. Study by Liu et al. [12] indicated the presence of two hypervariable regions (HVRs) at position 159-329, and at position 356-444 of S1 gene. The residues within the first HVR are associated with major neutralization epitopes which induce neutralization antibody and variation in this region correlates with serotype [13, 14] . Furthermore, amino acid sequence analysis also showed that the S1 subunit can be divided into three HVR that associated with neutralizing, conformationally dependent epitopes located at positions 38-67, 91-141, and 274-387 [14] . Based on amino acid sequence analysis, several regions at position 53-86, position 125-144, and at position 302-313 of S1 gene of MH5365/95 and V9/04 were associated with high variations suggesting that these variations may influence the specificity of epitopes that induce neutralizing antibodies.
Previous unpublished sequence analysis of S1 gene indicated that MH5365/95 is a nephropathogenic strain. No further study was carried out to characterize this isolate. In fact, the molecular characteristics and the evolution of IBV strains isolated from Malaysia remains uncharacterized. Sequence and phylogenetic analysis of the S1 gene may provide valuable information on the evolution of IBV since the S1 protein encodes for serotype-specific, neutralizationspecific epitopes, and is widely used to type and investigate serotypes variation in IBV at molecular level [15, 16] . Sequence distances data derived from multiple alignment of S1 nucleotide sequences showed that the Malaysian IBV isolates MH5365/95 and V9/04 shared 77% identity. However, sequence comparisons of MH5365/95 and V9/04 with published sequences showed identity ranging from 53 to 87% (Table 3) . Sequence analysis also indicated MH5365/95 is a variant strain closely related to China strains (D971, CK/CH/LSC) and nephropathogenic strain BJQ. Meanwhile, V9/04 showed only 67-77% identity to all the previously studied IBV strains included in this study except with Australian isolate N4/02 (Table 3 ). The isolate showed the highest identity of 77% to MH5365/95 and to a nephropathogenic strain from China, BJQ. Sequence and phylogenetic analysis suggested that V9/04 is a variant IBV isolate that is unique to Malaysia which may have evolved from IB vaccine strain. It has been suggested that the widespread use of live IB vaccines may suppress field strains of similar antigenicity but allowing variants to appear [17, 18] . Further studies are required to determine whether the IBV vaccines currently available are able to confer protection against MH5365/95 and V9/04 field strain in commercial chickens since differences of as little as 5% between S1 sequences of IBV can result in poor cross-protection offered by the vaccines currently in use [19] . A total of 1832 bp of S2 nucleotide sequences which encode for a total of 609 deduced amino acid residues were analyzed from IBV isolates MH5365/9 and V9/04, respectively (data not shown). High nucleotide identity was observed at S2 genes of IBV strains used in this study. No deletion or insertion occurred inside the genes but several point mutations were detected throughout the nucleotide Fig. 2 Phylogenetic relationships of IBV strains based on nucleotide sequences of S1 and S2 genes. The tree is displayed in PHYLIP format with bootstrap values. Only bootstrap values more than 80% was shown sequences. Multiple sequence alignment of S2 gene from MH5365/95 to V9/04 showed that both isolates were highly conserved with 85% identity but numerous unique point mutations were detected in the mid region of S2 gene of MH5365/95 isolate. In V9/04 strain, point mutations were detected at amino acid position 522-539 where the mutation pattern was similar to several published strains from the United States (California, CU-T2 and CAV56b) and from China (JAAS). Previous study has reported that although S2 sequences are more conserved than S1 sequences, it appears that different IBV strains can be grouped into serotypes based on S2 gene nucleotide as well as deduced amino acid sequences [20] . The nucleotide identities of S2 gene between the Malaysian IBV isolates and other published strains was more than 80% since most of the mutation were the result of single nucleotide variations except for strain DE072 from the United States where the identity is only 60-65%. Phylogenetic tree analysis based on S2 gene showed that both MH5365/95 and V9/04 isolates were grouped together in a separate sub-cluster (Fig. 2) . The M genes for MH5365/95 and V9/04 strains were successfully amplified using primer pair which produced 677 bp products compared to 681 bp of the full length sequences of M gene [21] . Sequences analysis of M gene showed deletions of six nucleotides or two amino acids, either Asn (3) and Glu (5) or Asn (3) and Val (5), or Asn (3) and Leu (5) in the beginning of the M gene of MH5365/ 95 and V9/04 isolates. These findings confirmed those of the previous study indicating that the deletion at this region is unique for non-Mass IBV strains [7] . The M gene of MH5365/95 and V9/04 shared high identity of 95% while the sequence comparisons of MH5365/95 and V9/04 with those of published sequences showed over 88-99% identity. V9/04 showed the highest identity (99%) with IBV strains from China, Jilin and W93. Earlier, Jia and Naqi [22] had reported that the nucleotide sequence homology between M genes was between 80 and 90%. Furthermore, phylogenetic tree constructed using nucleotide sequences of M gene showed the presence of two distinct clusters with the studied isolates MH5365/95 and V9/04 were grouped with Iowa strain from the United States (Fig. 3) .
A total of 1236 bp of N nucleotide sequence were analyzed from IBV isolates MH5365/9 and V9/04 (data not shown). When the nucleotide and amino acid sequences of N gene of both isolates were compared with published sequences, no insertion or deletion was detected. However, the sequences displayed several point mutations distributed evenly along the gene. Previously, investigators suggested that N gene-derived region was sufficiently conserved to allow the detection of all the IBV strains [8] . However, in this study we found that the N gene demonstrated a slightly higher difference ranging between 3 and 15% compared with M gene. The N gene of MH5365/95 and V9/04 isolates showed 94% identity. However, both isolates showed the highest identity range of 94-96% with Chinese IBV, Jilin. Phylogenetic analysis based on N gene showed both Malaysian isolates were grouped in the same sub-clusters together with the US and China strains (Fig. 3) . Hence, N gene sequence analysis of the Malaysian isolates and other IBV isolates [8, 23] did not provide a significant pattern on serotyping of IBV isolates. However, structural characterization of S1 and N genes may provide valuable information on evolutionary analysis since both genes are involved in the recombination of different IBV strains [9, 24] . Furthermore, the S1 and N gene encode proteins are the most important antigens in inducing immune response against IBV infection [24] . Sequence analysis also showed no evidence of recombination between S1 and N genes was detected in MH5365/95 and V9/04.
The molecular evolution of IBV strains in Malaysia is not known. Based on phylogenetic analysis, although MH5365/95 was first isolated in 1994 from a broiler farm in Perak, it shared a common origin with V9/04 which was later isolated in 2004 from a layer farm in Selangor. Further studies are required to determine the circulation of variant IBV isolates in Malaysia since repeated outbreaks occurred despite the use of vaccines to control IB in commercial chickens. In summary, sequence and phylogenetic analysis grouped the Malaysian IBV isolates, MH5365/95 and V9/04 as non-Mass variant IBV strains. Analysis based on S1 gene showed that MH5365/95 shared high identity up to 87% with several Chinese strains; meanwhile, V9/04 is a unique variant that showed only 67-77% identity to other Mass or non-Mass strains. Except for several point mutations, both isolates have conserved sequences in S2, M, and N genes. Further study is required to be carried out to determine whether the currently available IBV vaccine is able to confer protection against MH5365/95 and V9/04 field strains in commercial chickens. It is easier to control IB when the causative field strain and an available vaccine strain share a high degree of sequence identity. Hence, structural genes characterization, especially that of S1 and N genes of IBV strains, needs to be performed on regular basis in order to provide valuable information on the practical use of existing vaccines.
